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MAJOR TKX'nuJOK: ^^^''ii'iiLL'il ^J^. ^ Morri.sc.Mi iitui ik)V(l 

SUIMUJ::MKNTAKY 'ri':XTiU.M)KS : The Nanics^ inH[ SLructurc ot'_ (_VliyjlL^i Cv^iiipou nds - 

Otto T. Honfroy 



INTRODUCTION 



Organic compoutids aro compounds we are most Lnliniatoly associated 
\vith. We wear cloth mado of organic compounds; we write on paper wiiich 
in itself is a vast treasury of organic compounds; the list of examples 
is endless, 1 enumerated only a few. 

Organic compounds are the subject of the branch of Chemistry called 
organic chemistry. Organic chemistry can be defined as a chemistry of 
carbon compounds. To an ignorant reader this statement may appear pre- 
tentious or unprecise. One may question this definition reiuembering that 
there are 106 other elements in addition to carbon. Does this mean that 
each element and its compounds comprises a.i ^^ntire branch of chemistry? 
Or, is it true only in the case of the repr atative elements? This and 
many other questions will have their answer his course. 

The field of organic chemistry is immense. Many branches such as 
photochemistry, free radical chemistry, polymer chemistry, physical organic 
chemistry, chemistry of heterocyclic compounds were derived from it. It 
takes a lifetime to master it all. 

Organic chemistry is approximately one and a half centuries old. It 
was sired by Friedrich Wohler in 1828 when he performed the first synthesis 
of an organic compound. He synthesized urea from ammonium cyanate. Until 
that time organic compounds were only found and isolated from naturally 
occuring substances. Until 1828 organic chemistry was "vegetable chemistry", 
A new era began with Wohler 's discovery as evidenced by the letter written 
by Berzelius to Weber, 

"The conclusions which you have draun from the investigation of 
bittev-almoyid oily are certainly the most important which have 
so far been reach^.d in the domain of vegetable chemistry ^ and 
give promise of shedding an unexpected light over this part of 
the science ... .The facts which you have set forth inspire such 
reflections t}iat they may he regarded as the dojWn of a new day 
in vegetable chemit: ly.'^ 

The object of this course is to invite you to enter and explore this 
primeval forest and learn about the basic organic formulas and compounds. 
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Sell iustruv) icn.il I'.u'i^ j^', Mt>. I 
l-oi iii A -■ Li ';i i>r ()[> |i',:t i v^.'^i 



!ju f i u i ( i uiis 

Tiio sLudtiiir. will Lo define or (loscril)e aad i.iluslrale wlLli 

a[^()rupriat:e examples wlioro .ipplicvilvlu ihe ioJ lowing Lerms; ELECTRO- 
NLCAriVlTY, ATOMIC ORBITAL, s A.O., p A.O., d A.O., IONIC BOND, COVAI.ENT 
BOND, NONPOLAR COVALENT BOND, POLAR COVALENT BOND, COORDINATE COVALENT 
BOND, BOND ANGLE, BOND LENGTH, BOND STRENGTH, BOND DISSOCIATION ENERGY, 
IIYBKIDIZATJON, sp^ HYBRID ORBITALS, INTERMOLECUI^R FORCES, VAN DER WAALS 
FORCES, POLAR J TY OF MOLECULL-S, SOLUBILITY, BOILING POINT, MELTING POINT, 
BRONSTED BASE, BRONSTED ACID, LEWIS ACID, LEWIS BASE. 

Concepts 

Tliu student will be abJo Lo ideiiLify a bond as polar or nonpolar. 

"i'lie iiludent will be able to identify a bond as ionic or covalent. 

The student will be able to identify the number of valence electrons 
in any representative element. 

The student will be able Lo write the ground state electron configu- 
ration for the following elements: H, C, N, 0, He, Ne. 

The student will be able to write and explain the two steps in the 
sp^ hybridization on the C atom. 

The student will he able to identify the atomic orbitals revolved 
in bond formation. 

The student will be able to explain the differer.:: Dolarities of some 
bonds based on the electronegativities of the atoms involved. 

The student will be able to determine the relative strength of the 
given bonds from Lhe^'r length values. 

The Litudent will be able to predict the relative values for the 
hoiJing and melting points from tlieir molecular weights or interniolecular 
forces . 

The student will be able to predict the relative solubilities of the 
given compounds in different solvents. 

The student will be able to identify the BronsLed acid and the 
Brunsted base as well as the Lewis acid and tiie Lewis base in a given 
react ion. 



St' If I list nic t i oiia 1. Tackaii'.c' 1 
Form li - S(j J f-Kval iiaL i oil Kxercis^' 



RL'viLHv^ Glmu , . J Cliomi.sL ry 
iiy h iz ; iJ"J_!;Hi^ . • u_ j . i le^ Ca rbcni^ A Lom 

Fill ouL Lliis Ljxcirc.i.se by blacking thu appropriale answers. 
Remcmbor, wlien moru tlian one answer is required, blacken alJ the 
a{)proprialc ones. You wi.l i Lhen score tlie exercise yourself. 

(1) Organic Cheuistry i. lu' CliemLstry of carbon compounds. C is in 
Group IV and has atomic number 6, and atomic mass 12. Therefore, 
which of the following statements about the carbon atom are NOT 
correct ? 

a) Carbon has 6 electrons, 12 neutrons, and 6 protons. 

b) Carbon has 6 electrons, 6 neutrons, and 6 protons. 

c) Carbon has 6 valence electrons. 

d) Carbon has 2 electrons in the p atomic orbitals in the ground 

state configuration. 

(2) The members of a "Family** or "Group** of elements in the periodic 
table will have the same: 

a) atomic number. 

b) electronegativity. 

c) number of electrons beneath the outermost shell. 

d) number of electrons in the outermost shell. 

(3) Which of the following statements is/are NOT true? 

a) Electronegativity is the attraction of an atom for shared 

electrons . 

b) Ionization potential is the energy liberated when an electron 

is removed from an atom in the gaseous state. 

c) Maximum overlap of atomic orbitals results in the strongest 

- bond . 

d) Nonmetals have in general high electronegativity. 

(4) Which of the statements given below about the atomic orbitals is/are 
NOT correct? 



a) All energy levels possess the same number of atomic orbitals. 

b) Atomic orbitals have a definite shape. 

z) Only two electrons can occupy any atomic orbital, 
d) The region in space where an electron is most likely to be found 
is calied an orbital. 
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:i i L' Ni. . i 

I'uiiii h ' 1 I lA'.i I ii.il iiui i'l\c.' I (• i.sL 



( ',) ) Wliii li i)i I lu; sLal iMiiuiiLs inflow is/aru tiorrcci ? 

.0 [) .iioinic u i b i. t ti ] s t:nns i :i L. u t Lwo I obc^} i lU .i toni i c uuc 1 ous 
bo Lwccu LliClU. 

I)) s aLoini.c orhit.al lias lIjc ipo uf a si^liorc with its coiiLer aL 

llie uuc IvMii () C Lhe a Loiii. 
c) LliiiTc ai'c l ive [) at.omic oi'l)iLtils in any given uuergy loveJ . 
il) tliuro is one s atomic orbital Jai any given energy level. 

( 0 ) Die lol lowing slaLemenL.s aijouL the ionic bond are true: 

a) an ionic bond exisLs l)eLween two uonnieLals. 

b) an ionic l)oad exists between a meLal and a nonmetal. 

c) an ionic bond results rroni Lhe transfer of electrons. 

d) ionic bond is typical of t,lie compounds of carbon. 

(7) The transition from a normal covalent bond to an ionic bond occurs: 

a) «is a series of steps. 

[)) does not take place at all. 
i:) not siiarply, but gradually, 
d) sharply. 

(8; A typical covalent bond can be defined as: 

<i) electrostatic attraction between i oppositely charged ions. 

b) sharing of electrons between two atoms. 

c) tlie Sigma 6 molecular orbital formed through an overlap of two 

atomic orbitals. 

d) none of the above. 

(9) When two or more atoms of a certain nonmetal combine to form a poly- 
atomic molecule, the bonding is: 

a) covalent 

b) ionic 

c) nonpolar 

d) polar 

( lu) (.oini)ounds l^.H-miul by the combinat:ion of two nonmetals are: 

a) nonconductoivs and are therefore c-valent. 

b) conductors and are therefore ionic. 

c) nonconductors and are therefore ionic. 

d) conductors and are thtfrefofe covalent. 
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SIP No. 1 

Form li - Sc! 1 t'-Kv.i 1 uaLi on liixt^rcisc 



(11) Tlio i'ol lowing s La LuinuuLH about tiie noapolar covaleut bond aro 
correc t.: 

a) It is tliu bond between two atoms with different eloctronegat ivity . 

b) IL is tlie bond between two atoms witli same electronegativities. 

c) In a nonpoJ.ar covaient bond tlie center of positive and tlie center 

of negative electron density coincide, 
d; Tlie electrons are not sluired equally by the two atoms, 

(12) In whlcli of Llie follov^ing binary compounds are the bonds covaient? 
a) C(jll^ b) CCl/^ c) CaS d) NaBr 

(13) in wliich of tlie following compounds are the bonds ionic? 
a) K^O b) CO^ c) II^O d) HCl 



Blacken tlie proper space indicating for each compound whether the bond within 
it is covaient or ionic; polar or nonpolar: 

a) covaient b) ionic c) nonpolar d) polar 



(14) CU^ 

(15) NH/, 

(16) Na20 

(17) H2 

(18) The greater the difference in the electronegativities of two elements, 
the strength of the bond between them will be: 

a) depends on particular elements involved 

b) greater 

c) less 

d) not affected 

(19) What does a bond which is longer than expected suggest relative to its 
s trength? 

a) i t is s t ronger than expec ted . 

b) it is weaker than expected, 

c) it suggest nothing, 

d) no change in the strength, 

7 
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I'* 'Mil H Si II i A' ( 1 1 1, 1 1 i I )ii ! >.t r (■ i : 



(•■") Hic It'iigtli ol tlu" ca rlnni-t:arlM>u homl in rtliMuo is 1 . X; tlio Jen^Lli 

i)l iail)oiirraii.oii huiui in lM li^' U'lio is 1 . K'* X. Which at t:hi^ tollowing 
sUU iMnenls ahout iln? hiuul <i issiu' i il ion cnm-j;y of. cmuponnds above 
i s / a ru cor rue. t ? 

liund »i i :.;sin.: i a I inn t'at'i*j;y ol' cht: I'arhon-carljon lii^nd in ijLliano 

h I^hur til an Char of ethy 1 fue. 

[) ) Bom.l dissociation iMUM'j^^y cjC the ca rhop-carbon bond in oLlunui; 

J L)Wi?r Ilia a that of o thy 1 enu . 

r) bond d i:;sot: iat. ion onerj];y of:' the c:arbon- carbon bond in etiiane 

the same as that in etdiyleno. 

(!) liond dissociation energy of the carbon-carbon bond is not related 

to tlie length of the bond. 

(-i) ilu- i'urrei:L s t a t fimni t (s ) below ari-: 

a) iiond dissociation energy is tlie energy in kcal/moie needed to 

t orm the bond . 

b) iicDcl iengtli is the distance between the nuclei. 

c) li^atJi kind oL cuvalent bond has a characteristic length and strength. 

d) Sigma orbitaLs ire cylindricaLly symmetrical about the internuclear 

axi s . 

( .tl) The £oi lowing reaction; ll^N: + BIv^ — > II N:Bl*' represents formation 
of: 

a) a c.oordinatc covalent bond 

b) a double bond 

c) a l;ydrogen bond 

d) an ionic bond 

( I \) S i gma mo l.ecular orbitals can be formed VIA: 

a) over Icip of s citoniic orbi tals only 

b) overlap of s and p atomic orbitals 

c) overlap of s and sp atomic orbitals 

d) none of tiie above. 

(.'A) Which answer beiow best describes the formation of four equivalent, 
single covalent bonds by carbon in compounds like carbon tetra- 
cliJotide CCl/^? 

a; Coordinate covaiont bonding 

b) hybridisation 

c) hydrogen bonding 

d) sigma bonding. 
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(.';) Wliii'li uiir ol ( 1h.' sI .it. riiuMJ lu'iiJW is NOT r.oricrl'! 

a) llyljriii «.'rl' L L -i 1 s c.iniiot Ikmisl! iionl)ondi nj^ elccLroiiN. 

10 llvh r: [ ti i ^^..U ion ou.ihit'S t, hi* t']<H'lrjMi pairs to j^.i-l as lar au'ay 

r L om iMrli I) t lie !. as [jc)sr» i li 1 c . 
r) lly 1» r 1 (i I /,a t L(ni is ai;i;iunpan hid i)y au liuM'iiaso in Liu* ii i t ec; i i oim t 

c'lia I'at.' Lrr c) r t ilt' l)ui)ilfi . 
l{yl>r ill L /at: Li,>n i.'-i an ar r'aiij^'i'incMit o\ atcMuic orl)ita].s wliicli rv'.su !(.?-. 

in t.hr niini.imiin i ii f ramn Uu'aila r repulsion. 

{J.h) Wliirl) ul ihc [o]\o\<iny^ t.c I iMlit'd ra I uiolciouJa'.s would you oxpoct lo 
possess a di[)o](^ iiioinent dilforenl fi'oin :u?ro? 

a) ^-f ■ I /, (carbon t e I rac li Lo f ide ) 

1>) Cll. (metliane) 

(•) CUCl . (cll lorofcjiau) 

<1) CIljBr-T (d il)roinomeLlirine) 

(27) Kor eacli one of the molecules given below Llio sliape has been indlcaLod. 
ident. iCy all the nonpolar mo.i.ecules . 

a) BF3 - £ lat-tr LgonaJ 

b) CO 2 " linear 

c) HCl - linear 

d) NH^ - pyramidrH 

(28) J ntermo lecular forces are: 
ti) electrostatic in n. lure 

b) forces between lect as and nuclei of the same molecule 

c) forces between Muiividial molecules 

d) forces within ?,i^^ ' niolecule 

('I'-O Identity all tiie corr^'C statements below: 

a) The magnitude of intermolecular forces does not affect the boiling 
point . 

[)) N'on polar solutes dissolve easily in water. 

c) I'olar solutes dissolve easilv in polar solvents. 

d) Tlie stronj',er the i n termo 1 ^^/u 1 a r forces, tiie hi^;!ier the hoi i inj^ 

po i n t . 

.0 
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{ 1' ) ) 1 111' |) I < I i I \' V, 1 1 j t h is N'DT t It. i r, M t I J i : . I j ^ » > I in nipt • 1 .m » oiinx mh iii.>. i : 

Mv» I nil i I i ' ' Ii' U'Uipuj It :ii 1 1 \'< n i ;. . 
I> ) r,t M >'l si > I nil i I i I V j (I wa t . 

I ) I t )W ( 1 i |>( ) I f llh )|IKMi t . 

<1 ) 1 OW ilK* i t Ln^. l)o II i 11^', t rliipr I .U IIJ r . 

< ^1) lic'ii.'.riw a iN'pir.il nonpular uu;.hMr Si)!v'rnl, I'lir su 1 ti[> i 1 i i \' ut 
taiu* (';.^ll|v^ (a nv>ui>olar nr|',.niii' ( oniiMHinJ) in hiMu.nu' vvoul^t lu 

(I'll to 1)1' : 

a> .il)t)nL. t.lu! saiDL' t lu' > I mI> i 1 i Ly i)t cn.Ltiiic in w-iliM*. 

1)) lii^;lu:r til 111 tin; Sfrltihiiily of ocLtiiU' in ♦vaUT. 

V- ) i inpDss I h 1 u M.) (ii'ter'iiil no innii iai.ls j;ivcn. 

fl) h»wfr 1. 1 1.1 n Llif si>in!)Ility of ocLanc in waLer. 

( S/) WatL.T ll.H) and nietham.* (Ml/j liavi- vrry sunilar moi ecu 1 lIT wc*ij;hLy 

(IH .nul ] (' respci.L i vt' ly) , yut tliu normal hoilin^^, puinL of water is 

lOO^'C .nul titat ol iiurthanr iti -lfv!.3"C. Tliiy is explained by the 
i.icl thai: 



a) Iiy<lrogeii boindln^^ LLikejj place In water, 

[>) the in ternio 1 een I ar iorces in metliane are considerably stronger 
tlKin tlie i n te rtiK) 1 ecu 1 ar forces In water. 

c) the inLt*nin.)LecuLar forces in water are considerably stronger 

than the In te rmolecn far forces in methane. 

d) waLer has a very Jow dipole moment. 

( i ;) Meihaiie CAl/^ (nu^lecnlar weight lfi) and carbon tetraf luoride CF^ 

(molecnlar weiglit 88) are botli nunpolar compounds. The following 
prediction can be made about tlieir boiling points: 

a) Tlie hi)iling point of methane will be liigher than that of carbu,, 
tetraf luoride. 

(' ) riiL- boiling point of metliaae wllJ be lower than that of carbon 
tetraf 1 no r ide . 

c) fhe boiling points will be very close. 

ti ) The boiling points of 'jach will vary depending upon volume of 
oacli compound . 

{ \>i A b i.M in the ]ir(jns ted- I.ov>; ry seise is: 

A) a [UDLon at:cepti)r 

!)) a hyilroxide Ion donor 

V ) an ele;:trori pair ai ceptor 

d) an electron pair donor 

] 1 




■- i r '.. < . ! 

I > • I . 1 i . ■ 1 • i ' I • I ! • I , ! , • : ; i 



' .) , )ti r I » . ( !'i . II pill . I • I I ' ji ! > 1 ? 

iii t.-'- !"Mtf t ,i i I .Mf i.wi i-..,M-i! /,iVf!] !m'!..w. plirihW .K't-. ,r.: 



I i ■ ) IW Mir. I . ■ J i t|" 
'>) .1 h'.'.l r( i ion d.^ni 
I l.»-w|:. i).l;;r 



(•/) in (he 1 (.'] I 'iw i ti}» I'iMrti'tn: v)ll f fl — > 



C (Ml rthvl alcoliol 



'Mi) : 



'0 ' t'KM*tri>u.s fo tlu' hydr<.)',cui ion, 

l>) rxliil>it.s hohavior typLcal of a i^-oiihilocl bast*, 
r) i I) i Ls boh a V lor typical of a Levels acid, 

(I) c'xliLbiLs !>i'iiav[or Lypical of a LowLs basu, 

( ^•^) in llu' ♦ol lowing; rt'acaii)ii: HC 1 f- NaiiCO-^ — M'>COj + NaC I 

a) lic:i is a lirnnstcvi re id. 

b) H p.!0.^ is a weaktrr acid. 

c) N'aliCOj is a BruusLud basu. 

d) NafiL'Oj is a Li^wis acid. 
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Self Instructional Package No. 1 
Form C - Reference Guide 



Review of General Chemistry 
H ybridization on the Carbon Atom 



The reference guide should be used in conjunction with Form B or 
Che Self Evaluation Exercise. The references given are geared specifically 
toward Che questions on Form B. 



Questions 1, 2 




Chapter 


1 


Section 6 


Question 3 




Chapter 


1 


Section 15 


Questions 4,5 




Chapter 


1 


Sections 4, 5 


Questions 6, 7, S, 12, 13, 14, 15, 


unap cer 


1 
i. 


Dc^l.^Ullb J), O 


16, 


17 








Questions 10, 


11 12, 18 


Chapter 


1 


Sections 8, 15 


Questions 20, 


21 


Chapter 


1 


Sections 13, 1^ 


Questions l8. 


19 


Chapter 


1 


Section 8 


Question 23 




Chapter 


1 


Sections 7, 8 


Questions 2^4, 


25 


Chapter 


1 


Sections 9, H, 12 


Question 26 




Chapter 


1 


Section l6 


Question 28 




Chapter 


1 


Section 19 


Questions 29, 


30, 31 


Chapter 


1 


Sections 17, l8, 19, 20, 21 


Questions 32, 


33 


Chapter 


1 


Section 20 


Questions 3^, 


35, 36, 37, 38 


Chapter 


1 


Section 22 



Morrison and Boyd Organic Chemistry 

For Questions 23, 2^+, and 25, additional explanation and exsunples can 
be found in Tape 1 - sp3 Hybridization on the Carbon Atom. 

Material to supplement the topics covered in this Self Instructional 
Package can be found in any General Chemistry text book. 
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Self Instructional Package No. 1 
Tape 1 ~ Work Sheet 



Learn as though you would never 
he able to master it; hold it as 
I'hough you would be in fear of 
losing it. 

Confucius ( 6th, B.C. ) 



sp3 Hybridization on the carbon atom. 



Example No. 1 

Ground state configuration of the carbon atom is: 



C Is^ 23^ 2p2 



or 



(•^•^ Cl^ (dots represent electrons) 



Is 



2s 



2p 



or 



Cl3 Cl^ C!--^ {sxro^js represent electro-..£ 



Example No. 2 - Sp-' Hybridization 



Cl) (two unpaired electrons) 

2p 



Is 



2s 



Step 1 promotion of one s electron from the 2 atomic orbital into the 
2p atomic orbital. 

Is 2s 2p 

^ Cl) Cl^ (four unpaired electrons) 

Step " - mixing of one S A.O. and three p A.O's to yield four equivalent 
sp3 A.O. 's". 



0 



sp3 A.O. 's 

oooo 
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SIP No. i 

Tape 1 - Work Sheet 



Example No> 3 



Q 



or 




H H 
Assij^nment No > 1 

Consider the molecule of carbonte trachloride with the formula of C Cl^. 
Complete the following statements: 

a) The shape of CCl^ is , 

b) The bond angles in CCl^ are equal to ^, 

c) The C-Cl bond is polar or nonpolar , , 

d) The C-Cl bond is covalent or ionic . 

e; The bond between carbon and chlorine in CCl^ is the result oi the 

overlap of the atomic orbital on carbon and 

atomic orbital on chlorine. 

f) Draw the Lewis electron dot sjmibol of CCl. 
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SIP No. 1 

Tape 1 - Work Sheet 



Assignment No. 2 

Identify the following statements related to bromoform CH3Br aii True or 
False. 



a) 


The shape of tbe bromoform 


molecule Is te trahedral 


b) 


All the bonds in bromoform 


are identical 


c) 


All the bonds in bromoform 


are nonpolar 


d) 


All the bonds in bromoform 


are covalent 


e) 


The atomic orbitals on the 
bonds are one s and three p 


carbon atom involved in formation of the 
A.O.'s. 



Assignment No. 3 

The angles in ammonia NH3 are nearly tetrahedral (107°) rather than 90° as 
could be expected. The natural conclusion is that the atomic orbitals on 
nitrogen in ammonia a"^e sp3 hvbrid orbitals. 

a) Explain the hybridizatio .1 N in ammonia. 

b) Draw the Lewis electron dot symbol for ammonia. 

c) The nonbonding electrons in ammonia are located in the 

atomic orbital. 

d) Draw the Lewis electron dot symbol for the ammonium ion NH^"^. 

e) Predict the shape of the ammonium ion. 



16 

15 



Self Instructional Package No. 1 
Tape 1 - Answer Sheet 



Sp3 Hybridization on the carbon at 



om 



Assignment No. 1 

a) te trahedral 

b) ^ 109° 

c) polar (chlorine is considerably more electronegative than carbon) 

d) covalent (bond between two nonmetals. 

e) sp3 A.O. on carbon and p A.O. on chlorine 

f) :ci: 

• • • • 

: ci : c : ci : 
: ci: 

Assignment No. 2 

a) T 

b) F 

c) F 

d) T 

e) F 

Assignment No. 3 

a) Ground state configuration c " V. is: 

N ls2 2s2 2p3 



OR 

N 



© ® ©00 

(three unpaired electrons) 



Is 2s -i-^ 2p 

16 



SIP No. 1 

Tape 1 - Answer Sheet 



Assignment: No. 3 (continued) 

a) sp3 hybridization in case of N consists of mixing of one s A.O. 
and three p A.O. *s 



®0®e 

sp ^ A.O. 



b) 



H ; N : H 
• • 

H 



:) Sp- A,0, 



d) 



H 
• • 

H : N : N 

H 



e) tetrahedral 
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Review of General Chemistry 
Hybridization on the Carbon Atom 

Identify the statements below as Tiue or False by placing a Capital T or F 
in the space to the left, 

1. sp^ hybridization results from the mixing of one s A.O. and 

three p A.O, 

2. The sp-^ atomic orbitals are directed toward the corners of 

a pyramid. 

3. There are five p atomic orbitals in any given energy level. 

A. Any given atomic orl^ital can house a maximum of two electrons. 

5. The overlap of the s A.O. on element A aad p A.O. on element B 

results in the formation of a ^ molecular orbital. 

6. MaxiT^um overlap of atomic orbitals results in the strongest 

bond. 

7. Oxygen is more electronegative than carbon. 

8. Chlorine is less electronegative than carbon. 

9. The transition from a normal covalent bond to an ionic bond 

occurs sharply . 

10. Compounds formed by the combination of two nonmetals are non- 

conductors of electricity. 



Blacken the correct answer or answers in the questions below : 

11. Oxygen has atomic number 8 and atomic mass 16. The correct number of 
subatomic particles in oxygen is: 

a) 8 electrons 8 protons 8 neutrons 

b) 8 electrons 16 protons 16 neutrons 

c) 16 electrons 16 protons 8 neutrons 

d) 8 electrons 8 protons 16 neutrons 
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12. idenLiiy the correct statements about a covalent bond. 

a) It is a M.O. for.ned via overlap of two A.O's, 

b) It can be defined as sharing of electrons between two atoms. 

c) It can be defined as the electrostatic attraction between atoms. 

d) Covalent bond has characteristic length and bond dissociation 

energy . 

Ldentify the bunds In each compound in the following five cpi . •_^[ I o nsas : 
a) covalent b) ionic c) nonpola 'r d) polar. ~~ 

13. C^li^ 

14. O2 

15. 11.^0 

16. Na20 

17. iNH^ 

18. A shorter than expected bond between two elements indicates that: 

a) it is stronger than expected. 

b) it is weaker than expected, 

c) it has a higher than expected bond dissociation energy. 

d) it suggests nothing. 



19, 



The length of the carbon-carbon bond in ethylene is 1.34X; the length 
of carbon-carbon bond in acetylene is 1, A. Identify the correct 
statements relative to these two compounds. 

a) Bond dissociation energy of the carbon-carbon bond in ethylene is 

higher than that of acetylene. 

b) Bond dissociation energy of the carbon-carbon bond in ethylene is 

lower than that of acetylene. 

c) Carbon-carbon bond in acetylene is stronger than the carbon-carbon 

bond in ethylene. 

d) Bond dissociation energy of the carbon-carbon bond is not related 

to the length of the bond. 



EKLC 
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20. Identify the correct statements below: 

a) Overlap of s A.O. on element A and sp^ A.O. on clement b results 

in the formation of M.O. 

b) Mixing of an s A.O. and thret. p A.O. on the same element results 

in Liie formation of (o M.O. 

c) Hybridization results in the minimum intramolecular repulsion. 

d) Hybridiza::ion is accompanied by an increase in the directional 

character of the bonds. 

21. The ammonium ion is symmetrical. The nitrogen is at the center of a 
tetrahedron and four equivalent hydrogens are in the corners of the 
tetrahedron. The bonding in the ion may best be described as resulting 
from the overlap of the s atomic orbitals in the hydrogens and: 

a) one s and three p atomic orbitals in ni;:rogen. 

b) the p atomic orbitals in nitrogen. 

c) the s atomic orbitals in nitrogen. 

d) sp^ hybrid orbitals in nitrogen. 

22. All the molecules below are Letrahedral. Identify the ones that have a 
dipole moment equal to zero. 

a) CBr^ 

b) CHBr3 

c) CH^Br 
cl) CH4 

23. Identify the correct statements below: 

a) The magnitude of the Van der Waals forces increases with an increase 

in the molecular weight. 

b) The increase in molecular weight implies a higher boiling point. 

c) The strong er the intermolecular forces > higher the boiling point. 

d) The magnitude of intermolecular forces has no effect on the boiling 

point. 

24. The following represent typical examples of intermolecular forces: 

a) dipole-dipole interactions 

b) hydrogen bonding 

c) magnetic attractions 

d) Van Der Waals forces. 
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25. Octane C^Hj^g and methane CH/^ are both nonpolar organic molecules. From 
their molecular formulas one could predict that: 

a) octane has higher boiling poiut than methane. 

b) octane is soluble in a nonpolar organic solvent. 

c) methane is soluble in water. 

d) methane has higher boiling point than octane. 

26. Methane CH^ and ammonia have very similar molecular weights yet the 

boiling point of ammonia is °C and the boiling point of methane 

is -161.5^^0. These experimental values indicate that: 

a) the intermolecular forces in methane are weaker than those in 

ammonia . 

b) ammonia is probably a polar molecule. 

c) the in termolecular forces in methane are stronger than those in 

aramon ia . 

d) that ammonia has a lower dipole moment than methane. 

27. The fact that water is such a good solvent for so man/ ionic compounds 
is due to: 

a) hydrogen bonding in water. 

b) the ability of water to solvate (hydrate) both cations and anions. 

c) the high boiling point of water. 

cl) the small amount of dissociation in pure water. 

28. Ethyl alcohol and dimethyl ether have the same molecular weight. Ethyl 
alcohol is polar and dimethyl ether is nonpolar. What could you predict 
relative to their boiling points? 

a) The boiling point of alcohol will be higher than that of ether. 

b) The boiling point of alcohol will be lower than that of ether. 

c) The boiling points cannot be compared from facts given. 

d) They will have the same boiling point. 

29. A Bronsted-Lowry acid is: 

a) a proton donor. 

b) a proton acceptor. 

c) an electron donor. 

d) an electron acceptor. 

30. A "Lewis Base" is: 

a) a proton acceptor. 

b) a hydroxide donor. 

c) an electron pair donor. 

d) an electron pair acceptor. 

22 
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31. In the neutraliaation reaction below compound I acts as: 

CH^COOH -f NatlCO^ < - > CH^COONa + H^CO^ 

I II III IV 

a) Lewis acid. 

b) Lewis base. 

c) BronsCed acid. 

d) Bronsted base. 

32. The correct statemeits about the neutralization reaction in question 
(31) is; 

a) I is a stronger acid than IV, 

b) I replaces a weaker acid IV, 

c) I is a weaker acid than IV, 

d) I donates proton to II, 

33. The correct statements related to the reaction below are; 



H H H H 

H-C-Cr + H^O: > H-C-C-O-H 

II ^ \ \ \ 

H H H H H 

I II 

a) I acts as electron acceptor, 

b) water acts as an electron donor. 

c) the bond between C and 0 is a coordinate covalent bond 

d) I donates electrons to water. 
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K a, c 

2. d 

3. I) 
A , a 
5, c 

h . b , c 

7. c 

8. b, c 
^J. a, c 

10. a 

1.1. b, c 
a, b 

1. 3 . a 

14. a, d 

15. a, d 
Lh. b 
17, a , c 
18. 

19. 1) 



ERIC 



liyb ridiza L lull oii__ the C^irbori Atom 

20. b 

21. h, a 

22. a 

2-3. a, b, c 

24. b 

25. a 

26. <:, (i 

27. a, b 

28. a, c 

29. c, d 
'30. h 
31. b 
'32. a, c 
'33. b 
'34. a 

35. c- 

36. n, d 

37. a, b, d 

38. .1, b, c; 
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Rcv ji^w of General Cheniis try 

iiy brldi^ation on the Carbon Atom 

1. T II. a 21. d 31. c 

^- 1^. a, b, d 22. a, d 32. a, b, d 

3. F 13. a, d 23. a, b, c 33. a, b, c 

-V. T 14. a, c 24. a, c, d 

3. T 15. a, c 25. b 

6\ T 16. b 26. a, b 

7. T 17. a, d 27. b 

«. F 18. a, c 28. a 

9. F 19. b, c 29. a 

10. T 20. a, c, d 30. c 
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